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Wc have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a dual-labeled fluoiogenlc probe (Lc v TaqMan Proba). This method provides very 
accurate and reproducible quantitation oF Rene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-time PCR method has a very large dynamic 
ranee of starting target molecule determination (at lea^t five orders of magnitude). Real-lime quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
hnd an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses lo various stimuli flan et al, 
1991; Huang et ah 1995a,b; Prud'homme et al. 
1995). Quantitative gent? analysis (DNA) has 
in-en used Ut cl«t ermine the genome quantity of 3 
particular gene, as in the case of the human H1LR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slarnon et ai. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
fur analysis of human immunodeficiency virus 
(IIJV) bmclen demonstrating changes in the lev- 
"eisof virus throughout thecliffe.rent phases of the 
disease (Connor et al. 1993; Witak et ai. J9y;sh; 
Purtado et a!. 1995). 

Many methods have been described for the. 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern Sharp et 
ai. 1980; Thomas 1980). Recently, l>CR ha* 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase: (KT)-PCR have permitted the analysis of 
-minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that \\ be UMftl properly for quantitation (U»«y» 
maekers 1995). Many early reports of quantita- 
tive |>CR and RT-PCR described quantitation of 
the PCR product but did not measure the initial 
target sequence quantity, II is essential to design 
proper controls for the quantitation of the initial 
target sequences (Hcrrc 1992; Clement! ci al. 
100?.) 

Kesftfarchcxs have, developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures I*CR product quantity in the log phase 
of the remilon before the platettu (Kellogg et al. 
1990; Pang ct ah 1990). This method requires 
thai each sample has equal input amounts of 



nucleic add and that each sample under analysis 
amplifies wit Ji identical efficiency up to the point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quart- 
til lift*, such as p-aclln) can be us«d fnr sample* 
amplification efficiency normalization. Using 
conventional methods of PCiR detection and 
quantitation (gd electrophoresis or pJaic capture 
hybridization), it is extremely laborious to assuie 
that all samples nre analyzed during the log phase 
of the reaction (for boih the target gene and the 
normalization gene), Another method, quantita- 
tive competitive (QO-PC^ has been developed 
and is used widely for PCR quantitation. QC-l'CR 
n:lics on the inclusion of an internal control 
competitor in each reaction (Beckcr-Andrc 1991; 
Piatak el al. 1991i*,b). The efficiency of each re- 
action is nornialkcd to the internal competitor. 
a knnwn amount of Internal competitor can be 
rni "v 7nc« no/ RfrR wj Rc:frT 7nn?/cn/7T 
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oddod to each sample. To obtain relative qua ro- 
tation, the unknown larget PGR product is com- 
pared with the known competilov l»CK product. 
Success of a quantitative competitive PCU assay 
relies on developing an Internal control llml am- 
piifiro with the same efficiency as the uu^vi mol- 
cculc. The design of Tin: competitor mid the vali- 
dation of amplification cfficic^ca. jequire a 
dedicated effort. However, because Qfi-POR (1<X'S 
not require thai PCM pioducts be analyzed during 
-the log phase of Ihv amplification, it is tint easier 
vr the two methods to use, 

Several detection systems aie uwd for quan 
Utative l'CR and RT-t»c:u analysis; (1) agarose 
&cis, (2) fluorescent labeling ° r POU' products and 
detection with liiatTT' induced fluorescence using 
capillary elcctrnphorcsi?! (Kwsco et ah 1995; Wil- 
liams et al. 1 996) or acrylaiuidc gels, and (3) j jlaic 
capture and sandwich probe hybridization (Mul- 
der el al. 1994). Although these uicOkhI.n pruvrd 
successful, each method requires post-PCR ma- 
nlpularlons that add time to the analysis and 
may lead to hibumtoty * onl niuinaiion. The 
sample throughput of these jnrlliudv i.<» limited 
(wllh the exception of the plate capture ap- 
proach)* «nd, thi:rt:fr>ri:, these methods arc not 
we)) suited fwj u>o demanding high sample 
throughput (I.e., screening of large numbers of 

blotuwlvt-ultrrv wi analysing SVunplu-a fwj diagnos- 
tic* or clinical triaks), 

Merc we report the development of a novel 
assay for quantitative TWA analysis. The assay is 
based on ih«r u*c-.-of the £' ' nuclt-asi* assay first 
described by Holland et al. (1993), The method 
uses the .V nucleate activity of 7Vu/ pwiymc.raac to 
"cleave a noncxtcT^lb?en^hridlzmi(>n pr<>l>cr^cltir^ 
lnj£ thp extension phase of T'CU. Tint approach 
uses dual-labeled fluorogcoic hybridisation 
probes (Lcc et id. 1993; J*u*slcr ct ah 1995; hivok 
cl ah 1996o,b). One fluoresevnt dyv serves as a 
reporter [PAM (i.e., 6-carboxyfluonwein)| and its 
emission spectra is quenched by the second fluo- 
re»c.c:n t dy*, TAMRA (1.*., u-carboxy-tetramethyl- 
rhodaminc). The nuclease degradation of the hy- 
brldi/atlon probe releases the quenching of I he 
l'AM fluorescent emission, resulting jn an In- 
crease in pea>k fluorescent emission at 5J(* nm. 
The use of <a sequence detector (AUI Prism) allows 
measurement of fluorescing spectra of all 96 wells 
of the thermal cycler continuously during the 
l*OK amplification. Therefore, the reuelious ajc 
monitored in real Lime, The output daia is de- 
scribed and quantitative analyst* of input target 
I )NA sequences is discussed heiow. 



RESULTS 



PCR Product Derectlon in Real Time 

The goal was to develop a high-throughput, sen- 
sitive, and Accurate gene quant flat Ion assay for 
use in monitoring lipid mediated therapeutic 
gene delivery. A plasm Id -unending human factor 
VIM gene sequence, pI'8TM (see. Methods), was 
used as a mental ihorapeutie gtsno. The assay usr* 
fluorescent Taqxnan methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Aill Prism 7700 Sequence Dcierlnr). Hie 
Taqman read ion requires a hybridization prnhr 
lal>cJcd wiih two different fluorescent dyes. One 
dye Is a report vr dy« (l-'AM); the other is ^ quench- 
ing dye (TAMRA). When the proU: 1* inlact, fluo- 
icaccnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During the extension 
phase of the PCK cycle, the .fluorescent hybrid- 
l/Jillon probe Is cleaved by tlie 5'-.T nueleolytic 
activity of tlic: DNA polymerase. On cleavage of 
the probe, the reporter dye emission Is no longer 
transferred efficiently to the quenching dye, re 
suiting b* a it hi urease of the reporter dye fluores- 
cent cmi.i.ilt>it bp^ctro. l*CR primers and probutt 
were dcaigmul foi Lliu human foclor VJ1I se- 
quence and human p-actfn gene (n.t dcvacribfcd in 
Methods). OpUuiizatlon react ions were per- 
formed to choose the appropriate probe ami 
magnesium concentration* yielding the liiKlu-^i 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
charge-coupled device (I.e., CCD camera) for 



measuring the fluorescent emission upectm from 
. r iOO to r*»£0 niti. Kach VCAX tube was monitored 
sequentially Utr 25 msec whh continuous jnoni- 
tonng throughout th« ttinplifie.iiitMi. Uach lube 
•wan rr-cxan dncd evtry »ee. Computer sof<- 
wart*, was designed to fxamijic the fluorescent In- 
tensity of both the reporter dye (KAM) and 
the quenching dye (TAMRA). The lluoresccnt 
intensity of the quenching dye, TAMHA, changes 
very little; over the course of the PCR amplifi- 
cation (data not shown). Therefore, the intensity 
of TAMKA dye emission serves as au internal 
.ildiidard with which to normally,*; the reporter 
dyi: (l : AM) cmlSAlon variations. The Moflware cal- 
culates u vdhic termed ARn (or using the. 
following equation: ARn - (lln J ) (Rii""), where 
Kn 4 . ern^sion inlcnshy of reporter/emission in- 
tensity of quencher al any given time In a retu: 
floti tube, and Rii r- emission inttmsility of re- 
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portcr/cmlsslon hnvmily uf qucm:Uer measured 
prior 10 I'CK ainplilication in Hint same reaction 
tube. For the purpose of quantitation, the U.si 
three data points (A Km) collected during the. tix* 
tension step for each 1 J CK cycle were analyzed. 
The nucleolytic degradation oflhc nyuiuh/-i(ion. 
probe occurs during the extension phase or rtat, 
and, thi!rtforc, reporter fluorescent cnuawun in- 
creases during this time, nu: Uuw dam points 
were averaged for each KJK cycle and the mean 
value for each was plotted in an "aiuplillcation 
plot" shown Jn J'itfure 3 A. The AKn mean v«hu* is 
plotted on the j^axis, and time, represented hy 
cycle number, is plotted on thv*-axis. During the 
early cycles of the PCR amplification, the AUn 



value remains at base line When sufficient hy- 
brid j /all on probe has boon cleaved by lLi» Xn/j 
ix>lymcra«: nuftaAfiO activity, the iuUnisily of re- 
porter fluorescent emission l!L{.*;eu&vt.. PCU 
aiziplSnuMjoiis reach u plateau phone of reporter 
fJuojwvtuI emission if th<r reuuliun Is carried mil 
to high cycle uujiiIh:jn. The amplification plot l£> 
examined iwily in Ihtt taction, ut a point J hat 
ii-prcscnts i\w log phaiie of product arrmnula* 
tion. This is done by assigning an ai biliary 
ihrcshoki thai u bused on the variability of the 
ba.stf-iiiic did*- In Vigor* 1 A, the Ihritthold whs set 
at 10 standard dwuiUonK above, the mean of 
base linfl emission calculated from iydvtt 1 to 1 S. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time- <*) The Model 7700 ttjfiware will construct amplification plot* 
from the extension phase fluorescent emission data collected during the PCR amplification. Tbe standard de- 
viation is determined 1rom the data points collected from thft base line of the amplification ploL C, values are 
calculated by determining the poini ai which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). (S) Overlay ot amplification plots of serially (1:2) diluted human genomic 
DNA somolcs amplified with pectin primers. (Q Input DNA concentration of the samples plotted versus C T . All 

* • **» * /U..| «K*J&WC w)uWp\ 



Fhom : BML PHONE No. : 310 472 0305 



Dec. 05 2002 12:22RM P14 



4 W 



RIAl 1IMI 0UAN1IUHV1 K;« 



the amplification plot eroweo the thrcshold'ivcle 
fined as C,. C,- is reported us the cycle number a\ 
tills point. Ar will be demonstrated, I hi* C, .value 
lit piediciive of ihc quantity of input target. 

Cr Values Provide a Quantitative 'Mea&urcmcnr. of 
input Targer Sequences 

Figure 1R shows amplification plots erf ]&><!iTfc*- 

cut PGR amplifications overlaid. 'Hie Amplica- 
tions were performed on a 3:2 serial cHhitlora •<£ 
human genomic J)NA. 'J-hc amplified target w;u 
human 0 actln. The amplification plots Khifl to 
the right (to higher threshold cycles) ns the input 
target quantity is roduced, 'ihir. is expected ho 
eam« HMCtionK with fewer starting mpuw nf the 
target molecule require greater amplification to 
degrade enough probe to attain the threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the G r values. Figure 1C represents the 
C r values plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
Pf:« amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C-p values decrease linearly wjHi increas- 
ing target quantity, Thus, C r valuta can be used 
us (i quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the )5,6>ng sample shown In Plgurc 
Ifl does not reflect the same fluorescent rate of 
increase exhibited by most of the other sam ples. 
The 15.6-ng sample also achieves endpoini pla- 
teau at a lower fluorescent value than would he 
expected bawd on the input i)NA. This phenom. 
enon has been observed occasionally with other 
.samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value us 
demonstrated by the Hi on Die line shown in 
Figure 1 C, All triplicate amplifications resulted in 
very similar Or values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contain,* a > 1 00,000-fold range of input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using iota! fluorescent emission intensity for 
quantitation. The linear range oi fluorescent in- 
tensity measurement of thc.ABI Priam 7700 



mtmts over n very large t;«ij»«' nf r*Uiivo uartlnp, 
target quantities. 

Sample (Reparation Validation 

Several parameters influence the (ftlcU-nry nf 
PC'.R amplification: magnesium and sail conceu : 
nation.*:, reaction conditions (j,e„ time, und tem- 
perature), PCH target size and composition, 
primer sequences, and sample purity, Ai) of The 
.above factors are common to a single VCR assay, 
except sample lo sample purity, in an effort to 
validate the. method of sample preparation for 
thciacior VJii assay, PCR amplification reproduc- 
ibility and oificiency 01 10 replicate sample 
prejxirationK were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantltaicd by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-actln 
Kent: content in 100 and 25 hr of total Kenomie 
UNA. Each PCR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
iicate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each oi the triplicate PCR 
amplifications was highly reproducible, dt 
strailng that real time PCJR using this instrumen- 
tation introduces minimal variation Into the 
quantitative PCK analysis. Comparison of the 
mean (V, values of the 10 replicate sample prepa- 
rations also showed mimm^l variability, indicat- 
ing that each sample preparation yielded similar 



results for f4-acttn gene quantity. The highest C T 
difference between any of the samples was 
and 0.73 for the HX) and 25 n« samples, respec- 
lively. Additiona/ly. the amplification of each 
sample exhibited an equivalent rate of fluorcv 
cent emission intensity change per amount of 
DNA target analyzed ns indicated by similar 
slope* derived from ihe sample dilutions (Pig. 2). 
Any sample containing an excess of a VCii inhibi- 
tor would exhibit a greater measured (3-actln C r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analy.si.s (Htf. Z), altering 
the expected C f value change, Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating- that this method of sample prepa- 
ration is highly reproducible, with regard lo 
sample purity. 

Ouantitadve Analvsis of a Plasm id After 

7 no a new wj nc.bi 7on7/cn/7T 
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T»bU> 1. Reproducibility of S«mpl« Preparation Method 



Sample 

no. C T 



1 



7 

9 
10 

Mean 



18.24 
18.23 
10.33 
13.33 
1835 

18.3 

lo.3 

1«,42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18,54 

1 8.67 

19 

18.28 

18.36 

18.52 

16.43 

18,7 

18.73 

18.18 

18.34 

16.26 

18.42 

18.57 

18.66 
(1 10) 



100 ng 



25 ng 



standard standard 
mfcan deviation CV C T mean deviation 



13.27 0.06 
O.Od 

18.34 0.07 

18.23 O.OS 

18.-12 0.04 

18. 74 0.21 

18.39 0.12 

18.63 0.16 

1B.29 0.1 

18.55 0.12 

18.12 0.17 



20.48 
20.55 

0.32 20,5 20»51 0.03 
20.61 
20.59 

03? 20.41 0.11 
20.51 
20.6 

0.36 20,49 20.54 0.06 
20.48 
20.44 

0.46 20.38 20.43 0.05 
20.68 
20.87 

0.23 20.63 20.73 0.13 
21,09 
21.04 

1.26 21.01 21.06 0,03 
20.67 
20,73 

0.66 20.65 20.68 0.01 
20.98 
20.84 

0.83 20.75 20.86 0.12 
20.46 
20.54 

0.55 20.48 20.51 0.07 
20.79 
20.78 

0,65 20.62 20.73 0.1 



cv 



0,90 



20.66 0.19 



0,17 

0.51 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.16 
0.91 



tor containing a partial cUNA for human factor 
VI] I, pWgTM. A scries of tnirivfccUom was sc*t 
up using a decreasing amount of the plasuiid\40 ; 
4, 0.5, and O.I u,g). Twt-my-rour hours pcwi- 
tnmafec-iinn, total DNA was purified from each 
flask uf itrlb. p-AL liu gene quitiiLiLy wa* chusej i a* 
<i value for normal j^at inn orgwiumic ONA con- 
centration frum each sample. In this cxpenment, 
(i-actin gene content should remain constant 
relative to coral genomic UNA. Figure 3 shows the 
result of the p-actln DNA measurement (300 jig 
total DNA determined by ultraviolet spectros- 
copy) oi each wimple. Kach sample vvas analyzed 
in triplicate and the mean |i-actin Cy values of 
the triplicates were plotted (error bars represent 

^ n «•<»,»««• I A*.* rimriaiiom *l hp VtlPhw;r niffrrrnrp 



between any iwr> sample moan* was OMS C,, Jen 
nanograms af total DNA of yaeh sample were also 
examined for p-aciln. The results u^am .showed 
that very similar amounts of genomic DNA wore 
present; the maximum mean p sctin C;, value 
difference wa.s 1.0. As Figure 3 shows, Hie rule of 
P-actiu C r uliunge Ixriwccn the 100 and 10-ng 
siunx^cs was simitar (sloj>e values range* bwtween 
3.56 and -3.45). This verifies again \hi\i ih'vt 
method of sample preparation yields sajnplos of 
Identical PCR integrity (i.O-, no sample contained 
an CXCCSSlve amount uf u PCR inhibitor). TTow. 
ever, these results indicate that each sample con- 
tained slight diffeiences in the actual amount of 
genomic DNA analyzed. Determination of actvial 
wenomic i)NA ionccn1 ration wos accomplished 
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Figure 2 Sample preparation purity. 1 he repficate 
samples shown In Table 1 wore also amplified in 
tripicate vising 2S ng of each DNA sample. The fig. 
en* shows die input DNA concentration (1 00 and 
25 ng) vs. C, In ihf figure, ihf> 100 nnd 75 ng 
points for each sample are connected by a line. 



by plotting the mean ftactin value obtained 
fOT i»at:h 100-lig stunplv wu a ft-actin standard 
uirve (shown lr: Wh- ^O). The actual genomic 
1>NA concentrii<i<«» of -each sirmpU:, tt 4 was ob 
Lalncd by extrapolation it) the 

Figure 4A shows the measured (\.u. t iku^ 
normalised) quantities u/ /actor VJJI plnftiniii 
lt>NA (pP8TM) from each of tin; four transient cell 
lran>feet ions. Each reaction contained 100 n£ of 
totcil sample I5NA (tts determined by UV spectro** 
copy}, l^ach sample w;j.s uiuilyzcU in tri|>tU:ulv 



25- 

ra 23 

ZZ- 

21 



V* 27.79 j *liyrll. 1 



20 



* 4 j> fig 
o.i fig 



o.a 



s.3 



1 1.2 1.4 1-* 1.9 2 
log (ng Input DNA) 

Figure 5 Analybisi of Udnsfectcd cdi DNA quantity 
and purity. I he DNA preparations of the four 293 
cell transections (40, 4, 0.5, and 0.1 jag of pF8TM) 
were analysed for the (3-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transacted, the 0-aciln 
C T values are plotted versus the total Input DNA 



PC:r< srmplifi cations. As shown, p! ; 8TM purified 
jfujic Jbc 293 colls decreases (mean C, values in- 
cnuwtti; with decreasing amounts of plasmid 
<lrutt*U-UccL Thv mean G A values obtained for 
pttJTM inTijurc 4A wore plotted cm u standard 
curve comprised uf sejially diluted pPHTM, 
shown ,in figure 4R. The quantity uJ pl'KTM, h, 
found in each of the four tranfifoctlonK was de- 
termined by extrapolation to the * axlt; of the 
standard curve In Pigure 4H. These uncorrected 
values, h, for pwri'M were normalli'xid to deter- 
mine Uie actual amount of pI'8TM found per 100 
riK of genomic DNA by using the equation:. 

/> X 10 0 fift nciuiil pt-BI-M copies per 
i} T 100 ng of genomic DNA 

where «*- actual -genomic ONA in u sample and 
b ^ pl : H'l "M copies from the standard curve. The 
normalised quantity of pl'BTM per 100 ng of ge- 
nomic DNA for each of the four transfer.! ions Is 
shown in Hgure 4J J, 'Hicst: routh Ahow mat the 
qunnmy of factor vin piawnid ii^ovluled wiiii 

the cellH, 21 Ut after irujusfvclUin, di:i.ii:.isvri' 
with UcLTCtisliiH plHMiilil v.tHJi.«nniitjoij uAed in 
the transfcrtion. T!k: quantity of pi'tti'M nwoel- 
ateu wjm 293 cells, after transfectlon with 40 (ng 
of pi;j/iniid f was 35 pgp<?r 100 ng genomic DNA. 
Tills results In -520 plasuiid copies per ceil, 



WSCUSSION 

Wo have described a new method for quantibii- 
_jiift_gcnc_cppy_nijmbfirR_usin^.ea^mc-analyi:U;_ 
of PCK ampHfication.s. Real-time PCK is compat- 
ible with cither of the two KIR (KT-PCR) ap- 

prociL"lie>: (1) quantitative comrjelitivt: wlicrc &i\ 
InteiJial cuiNpclhc;r for each target sequenee i» 
tisc:U for normaliKatJon (data not shown) or (2) 
quantitative comparative PCK usln# m tnnuMMza- 
tton yene contained within the sample (i.e., (3-nc- 
tiii) or a "housekeeping" gene for RT-PCK. Ff 
equal amounts of nucleic acid are analyzed U>r 
each sample and if the ampllficaauu cfhuc/K.y 
before quantitative arialysb i> identical for each 
sample, ihe Internal conirui (nuj-mali^tlon jjlik* 
or competinjr) should Rive equal M^nals for a!J 
samples. 

The real-time PCK method offers several ad- 
vantages over the other two methods currently 
employed (see the Introduction). Pirst, the Teal- 
time PCR method is perfonntd in a closed-tube 
systum and requires no post -PCR nuuti|>ulatlon 
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« J?" V* 1 *! i,na ' ytit of P F8TM in tmnsfocicd cclb. (A) Amount of 
f ^S? f ° r ' W . ,rnn j f " ,to » P»««od again* the „ H *.„ C.WdeteS 
rr«S J? i rcma,n,M ? *• br a< ^ iwwtoctton. (fl,C) Standard curve, of 

CS^^^K^i^r <0> ^ 9cnomic - were 

« V ' <^ ^eiore amplification with thcappropr ate primers The H-actin 
*ten*rd curve w« us,d to normal the results oM to 1 00 rfy S^cSk iS 5L 
(0) The amount of p p 8T M present pc 100 ng of genomic DNA 



of sample. Therefore, |h<* potential for rCR con- 
tamination in the laboratory is reduced because 
amplified products cam b<> 3ii*!ym> and disposed 
of without opening the reunion lubes. Second, 
this method suppoiU ih« u.w of a iiorm;ili*i,Uon 



— Hene^e^-aciin) for quawitiiilvcrPCR or house 
keeping genes for quantitative OT-l'Ck controls. 
Analysis Js performed in real time timing the Jog 
phase of product accumulation. Analysis during 
)ok phase permits many different genes (over a 
wide input target range) to be analy/ai simulu- 
munisly, without concern of reaching reaction 
plateau at different cycles Tim will make nitilli- 
tfCTH-: analysis assays much caaIisi to develop, be- 
cause individual internal umipeUiOis will m>\ be 
needed for coeh gene under analysis. Third, 
sample throughput will imjeajvc JiamaliiaUy 
with the new method because, there is no post- 
PCK processing time. Additionally, walking In a 
f6-wc)l format h highly compatible with auto, 
ination technology, 

The real-time K2R method is highly repro. 
ducible. Replicate, amplifications can be analyzed 



for simple minlmlsdng potenual *rror. The. 
.sysutm allow* i c >t a very large assay dynamic 
nt«ft*' (approaching 1,000,000- fold Marling Uu- 
get). Ut*lii K a .standard curve for the target at in- 
te rest, relative co p y number va lues can he clcicr- 



mincd (or any unknown rumple. Wu orescent 
threshold values, C, v cout-Jair. linearly with rela- 
tive DNA copy numbers. Real time quantitative 
HT-I'CK methodology (Gibson et al., this 
hai alio been de veil oped, finally, real time ou<iji- 
titativr ?*Cll methodology can be u&cd to develop 
high-throughput screening assay* for a variety of 
applications [quantitative gene c*f'je»siuii (KT- 
PCfc), ftene copy nxxayz <I1cr2, I1IV, etc), gcm> 
typlng (knockout mouse, analysis), and Jmmuuu- 

Rr^Uthne VCW may also he performed using 
intercalating dye.s (Higuohi ct al. such as 

cUiiditim bromide. The fluorogenic probe, 
method offers a mafor advantage over inter- 
calating dyes— greater specificity (i.e., primer 
dimvrs and noospedflc PCR products are. noi de- 
tected). 
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METHODS 

Generation of <t Plasmld Containing a Partial 
cDNA Tor Human Factor VIII 

Total KNA yf4* hurvcMccl (UN A*ol H Ovm *('«! Test, Inc., 
hnv'idswood, 'J 1 *) '«>«u wlW i»*o*rccted wUh a faetur VI 11 
ixjHvasiuu vector, r>C|S2.tk4&l J (Katun vi M.' 1UH6; Gor* 
man ci al. 1900). A factor VIII partial chNA wpiwuv Wns 
rt cMKini«-d by in* PCJt ICIonoAmp YJ. iTlh ItNA 1>HI Kit 

(part NttOK-or/y, r£ Applied l»io$y«cm,s I'ostvi CUy, cj\)\ 

using ilic I'CU pritiivrs Wfor **»d I**flrev (prinn'r wqneiire* 
are shown below). 'Hit* ampUcon was reamplified usfnfi 
modified Mflfor aaid J^rcv primers (npix-iuUsl wnh faiMiu 
and HwcJUJ resirictlon she. sequences «t tbv h' ei«dj ami 
cloned into jXiKM- 3Z (IVofih^u Corp., Mail won, Wi). The 
resulting clone, jjWIM, was u$cd lor transient transection 
of cell*. 



Amplification of Target DNA <iml Duiccilon of 
Amplicon Factor VIII Hasmici DNA 

(prHTM) was amplified wltli die f nim<.-i> IWor ;<;<:- 
Cri'iKX^ACiAUIi'CJAtXilCiTC^' and P*rcv .V-AAACCT- 
t:AGC;C7rOGATUGTAt'iO-.V.The runciloij p/udiitrd ti 122- 
up K:k product. The forwurd primer wait denned tu kv 
ognlze. a uulipiv M'tpjvnii- fuutid Jn die 5 f untranslated 
region of die. paisrm pC152.tHZ5J> pkvnkl find thisicforc 
dues not kwikhUi: and amplify die buuum feet or VI II 
gene. Ifimnr* wore chosen with the awivtimre of ihc< oom. 
pulcr program Oliso 1,0 (Nuiionul liiiweienees, !ne„ Ply. 
mouth, MN). The human p-actln gene whs amplified with 
die prlmcr» fi-tit tin Airwftrd primer S'-TCAOCOAOAfrrCT 
GCCCATO'AOGA-.V and fi-jctiu reverse piimer V.CAc:. 

CGGAACc:c;crr<:Aric;c:c^A'j*GG-3'. The reaction pro- 
ciucco a 295* hp product. 

Amplification reactions (SO pj) umuiinotl a DNA 
sample. 10 x PCtt Huffcr II (S pd), 200 w dATl', dCTr, 
<IGTI\ and 400 p.M dUTP, 4 inM MgCi ?f l.as Unlls Ampll 
7V*<; DNA polymerase, 0,5 unit AinpKrasc uracil W-Riy. 
— «»yluM< <UN3) r £o pmofv of 'cnchfftrtorVJll^liiiviTlifKl 1S~ 
pomlt. of iwiil. p actio piimer. 7l^ct teaellon* rtl«» i:onUlncd 
0(K Of ()7C following di'tCTtloi* prohrjt (100 nw null)' 

J'«prf.ib<* &'<VAM)Ac:crj k crj*c:ru<:c:T<icri v i i (ri v i i T(:itrj a . 

GCCHT(TAMJU)p J f «ud q-ntii,t proU- 5' (TAM)ATGCCC- 
X(TAMKA)CCCCCATCCCATCp-.T where p indicates 
plwwphorylAlinn nt\d K indicates a linker arm nucleotide. 
Reaction tuK-* w«tl- Wi ( :r»Ai?\p Option! Tubes (part AUin- 
UtNKOI Pcrldn Ulnwr) that worv froetod (at IVrfcln 

Hlmcr) to pn-vc-nl li^jit from rcflctfllng, Tube eapi were 
ftlmiUv to Mu-mAiVip Clnjii l^ui specially designed to pre- 
vent Hjjht sc«(lvnii 8 ..AII <il it.<- P<;u wu»»i«%*in(,blt.* wero ttKi>»- 
l*\W.<l l>y PK Applied lUotfy^tcnis (I ! o»Ut CMy, CX) cxeep* 
ilic factor Via primer*, wlik-1> wi-h> synthesized al Cvnvn 
lech, Inc. (Stml}) f^ti rrancisico, CA). Proln-v wm< dosi^jn-d 
using the Oliyv 4.0 5ofiwore, f<»ik»wln B gnidellucK ku K - 
tfcsie<i in tnc Model 7700 .Sequence Dcurior Iii»uu»jk'mI 
manual. HrlcHy, probe T m ijjnuttt be nl least 5 U C blfthrr 
mail mt* Muitwillujt leinpvMdirc: u.icd durl/i« ilicrnial ey- 
eling; primers sliould jjot fujin *U\*W duplexed willi Mn- 
prnbe. 

The tiieniml rycllng coiiditloivs Ineludcd 2 juln at 
50 W C; and 10 miii al 95 B C. '("hennal cycling procrrdrd with 



RIAL 1IML QUANII1AIIVI* IX:i< 

rt-actiouK wore performed in iho Modol 7700 Sequence IV- 
Ui*tor (J*li Apphed Uius:ys:lvuiv) t u»Mrli contains Ccor- 
Ani|» 1»<;U Sy&tuni OOOX). Uoacllon cvtiditiott« w<tp pro. 
grutiiniL'U on .i t'wwvr Mneiiiti>*lt V100 (Apple C >.unpii1f>r ( 
Rama Clara, CiA) linked dirvtily to the Model '/V0o 51^ 
o^ueiKV IXi lector* An^ly*l* of da la w»« atu.i peK/trmcd on 
the M«finiofth compviier. ( *ollfictloii antt aualyKU coftwuro 
w«k dovelojwd hi 1% Applluit Blosyxiums. 



Traiufection of Cells with Factor VIII Gwvtruci 

]-Viur T17.S flaslts of 293 cells (ATCC CXI. J57:H), ?i human 
fetal kidney sufipenfcion cell line, wvrv smwii [o 80% con- 
llueney an»,1 tranifceted pt'K'I'M. Colli were f{mwu in thy 
f«llnwlng medlm S0% HAM'S H12 without GMT, 50% lo^ 
glucose J)uJIk*<xni'3 (modified Ka«lo inedfuin (DMIiM) with, 
out glydnti wiUi flodium bicarbonate, J0% ietal Uwine 
scruin, 2 him L-^lul<ni)]»c, and 1% peniciHin-»trc|>ininy- 

tin. The: media was (Jiangcd 30 mln tx^fon* (be Iransfcc 
lion. pl-BTM DNA arnoimta of AO, 4, 0S f and 0.1 were 
iiUitcd tt> 1.»S ml of « solution containing 0,12* m CU»a ? ; 
and 1 x IM'J'US. 1*lic four mix hires wore left al rt)0)n ten»- 

(.icmturi- U»w in mh-t and then i»d*l^-*l dru|)wlsc to die celte. 
The n*f»k> wvu-oimUilcd al 37°C and 5.% ("10^ for 24 hr, 
wAKhcd with PHS, iind f^u^pcndcd in PUS, 'J'he tv*m 
p\-ndv^l cells were divided into uliquoU und UNA wna ex- 
tracted hiinicdliitely luiiij; ihv QIAani|i RUmkI Kit (Qiapon, 
Umlamirtli, <.1A). I>NA >y ( i.s cluted Into 200 ol 20 wu 
1VU-IICJ ul pll HJ} t 
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